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TTEMPTINO ibme lime ago to afcertain the greateft 
degree of heat afrf €dd- that in the atmo- 

Iphere each day and nighty or during the courfe of twenty-four 
hours, I experienced the inconvenience which attends thermo- 
meters commonly made ufe.of for that purjpofo | the neceffity 
I mean of the bblerver' s eye being on the inftrument the very 
inftant the mercury ftands at the higheft or lo weft degree : for^ 
fince the time when that may happen is utterly uncertain, if it 
be not immediately noticed, it can never after be known. The 
ililtry heat of the fommer's ^ays, and freezing cold ; of the 
winter's nights, which is commonly moll fevere at a late un- 
feafonable hour, render it very unpleafant to be abroad in the 
open air, although it is abfolutely neceffary for the thermome- 
ter to be placed in fuch a fituation. Ingenious men of our 
own country, as well as foreigners, have, it feems, long ago 
endeavoured to remedy this inconvenience ; and feveral ther- 
mometers of different conftru6tions have been invented for 
that purpofe- van swinden defcribes one which he fays was 
the firftpf the kind, made on a plan communicated by Mr, 
0ERHODLL1 to Mr. LEIBNITZ, Mr. KRAFT9 he alfo tells us 
iBade one nearly like it ^- A defcription of thofe by Lord 

* Biff, fur la Coitiparaifon dm Therm, par fan swinden, p, 2^^-- 2^^, 
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CHARLES CAVENDISH and Mr. FiTZGERALP may be feen 111 
the Philofophical Tranfadions '^, Though much ingenuity ap- 
pears in the invention of thofe curious mftruments, I could not 
forbear thinking, that a thermometer might be conftrufted 
more conveniently to anfwer the purpofc, and fliew accurately 
the greateft degree of heat and cold which happened in the 
obferver's abfence, I therefore attempted to make one : with 
what fuccefs I fubmit to your better judgement, and proceed to 
give a defcriptlon of the inftrunient. Fig* i. ab is a tube of 
thin glafs, about fixteen inches long, and five fixteenths of 
an inch in diameter; cdefgh a fmaller tube with the inner 
diameter, about one fortieth, joined to th@ larger at the upper 
end b^ and bent down, firfl: on the left fide, and then, after 
defcending two inches below a b^ upwards again on the right, 
in the feveral diredions cde^fgh^ parallel to, and one inch 
diftant from iL On the end of the fame tube at h^ the inner 
diameter is enlarged to half an inch from h to /, which is two 
inches in length. This glafs is filled with highly redified fpi- 
rits of wine to within half an inch of the end /, excepting 
that part of the fmall tube from d to ^, which is filled with 
mercury. From a view of the inftrument in this ftate, it will 
readily be conceived, that when the fpirit in the large tube, 
which is the bulb of the thermometer, is expanded by heat, 
the mercury in the fmall tube on the left fide v^ill be preffed 
down, and confequently caufe that on the right fide to rife j 
on the contrary, when the fpirit is condenfed by cold, the 
reverfe will happen, the mercury on the left fide will rife as 
that on the right fide defcends. The fcale, therefore, which 
is Fahrenheit's, beginning with at the top of the left fide, 
has the degrees numbered downwards^ while that at the right 

* Phil. Tranf* voL L. p. 501. and vol, LL p. S20* 

Vol. LXXIL L fide^ 
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fide, beginning with 6^ at the bottom, afceiids. The divliions 
are afcertaliied by placing this thermometer with a good jftan* 
dard mercurial one in water gradually heating or cooling, and- 
marking, the diviilons of the new fcale at every f *♦ Thus 
far our thermometer refemblcs in fome reipefts thofe of Ma 
BERNOULLI and Lord chaeles cavendish ; but the method 
of fhqwing how high the mercury had rifeii in the obferver*s 
abfence, the e€ential property of an inftrument of this kind^ 
IS %vholly diiierent from theirs, and e^ded In the foliowing 
manner^ Within the fmall tube of the thermometer, above 
tlie furface of the mercury on either lide, immerfed In thelpirit 
of wine, is placed a fmall index, fo fitted as to pafs up and 
down as occalion may require: that furface of the mercury 
%vhich rifes carries up the Index with It, which index does not 
return with the mercury when It defcends j but, by remaining 
fixed, fhews diftin^ly, and very accurately, how high the 
mercury had rifen, and confequently what degree of heat or 
cold had happened. Fig. %. reprefents one of thefe Indexes 
drawn larger than the real ones, to render it more dlftin£l:« 
aisz fmall glafs tube, three quarters of an Inch long, herme- 
tically fealed at each end, inclofing a piece of fteel wire, nearly 
of the fame length ; at each end cd h fixed a fhort piece of a 
tube of black glafs, of fuch a diameter as to pafs freely up 
and down within the fmall tube of the thermometer. The 
lower end, floating on the furface of the mercury, is carried 
up With it when it rifes, while the piece at the upper end, 
being of the fame diameter, keeps the body of the Index pa- 
rallel to the fides of the thefmometrical tube. From the upper 
end of the body of the index at r is dra%vn a fpring of glafs to 

'>• The divifions below the freezing point are taken by means of a niknire of 

lea fait and icej as dcfcribed by -noixet, be i.vc, and otliers« 

the 
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the fineiiefs of a hair, about five feveatlis of an inch in lengthy 
whichj being fet a little oblique^ preiles lightlj againft the 
inner furface of the tube, and prevents the index from follow- 
ing the mercury when it defcends, or being moved by the fplrlt 
paffing up or down^ or by any fudden motion given to the in- 
ftrutiient by the hand or otherwife ; but at the fame time the 
preffure is fo adjufted as to permit this index to be readily car- 
lied up by the furface of the riling mercury, and downv^ards 
whenever the inftrument is be re£lified for obfervation. To pre- 
vent the fpirit from evaporating, the tube at the end / is clofely 
|ealed% Fig* 3. reprefents the thermometer on its frame; 
the plates on which the feale is graved on either fide are made 
to Aide out, and the frame is open to the back, behind the 
large tube, which does not touch it, except at each end. The 
cap ^, and the bafe ^, ai^e made to fix on with fcrews, and 
only cover the turning of the fmall tube. By a fcrew at the 
bottom of the frame, it may be made fail to the wall againft 
.which it is to hang without doors, to prevent its being fhaken 
by violent winds. Towards evening I ufually vifit my thermo* 
meter, and fee at one view, by the index on the left fide, the 
cold of the preceding night; ancl by that on the right, the 
heat of the day. Thefe I minute down, and then apply a 
fmall magnet to that part of the tube againft which the indexes 
reft, and move each of them down to the furface of the mer- 
cury : thus, without heating, cooling, feparating, or at all 
clifturbing the mercury, or moving the inftrument, may this 

^ When tWs tube is clofed (not hermetically, but only fo as to prevent the 
fpirits evaporating) the thermometer muft be brought to the greateil heat it is 
likely at any time after to fuftain 5 and though no more air is inclofed than what 
remains at that time above the fpirits, yet, that will, by its eiafticity preffing on 
the fluid, anfwer every purpofe as well as if the external air was freely admitted* 
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thermometer^ without a touchy be immediately redHfied for 
another obfervation. When I wiOi to put the thermometer" 
out of my hand, without hanging it up, I have a ftand to 
place it on ; for if the mercury preffes againft the index^ whil 
the inftrunnent lies in an horizontal pofition^ it is in danger of 
pafling by it, which is avoided by keeping the thermometer in 
a polition nearly vertical. To prevent the mercury fliifting its 
place in the fpirits within the tube (which I apprehended it 
might do on account of the fuperiority of its fpecific gravity^ 
efpecially when kept for a coniiderable time, very high on one 
fide, and low on the other) 5 I m.ade that part of the fmall tube 
from ^ to /with the inner diameter exceeding fmall ; and founds 
upon trialj that after the fummer's heat had kept the mercury 
for a long time high on one fidcj the winte/s cold brought it 
again as accurately to the freezing point on the other as at 
firfl ^. This thermometer may be made a mercurial one by 
inverting: the akfs, and filling with mercury that part which. 
in the firft is filled with fpirits, and with fpirits that part of 
the fmall tube from d to g which in the former is filled wdth 
mercury ; the indexes in either cafe may be the fame, and wall 
be carried up in the fame manner upon the furface of the mer- 
cury ; but the end of the tube at /, inftead of being fealed^ 
mufi then be left open, and ftand inverted in a bulb, or fmall 
ciftern of rnercury, into which the external air has free accefs«. 
The diameter of the tube a b fhould be confiderably increafed 
if the degrees on the fcale are required to be as wide as thofe ia 
the fpirit thermometers. It is indeed better in this cafe to 
have a double rather than a larger fingle tube ; but finding the 
weight of fo great a quantity of mercury in a thin glafs tube 

^ With a thermometer of this fort I obferved the greateft heat and cold that 
happened every day and night throughout the year 1781, 

attended 



M improved thermometer^ 77 

attended with many difad vantages, and the motion of the fluids 
in the fpirit-ones perfedly agreeing with, and being as readily 
excited by change of heat and cold^ as in the mercurial ther- 
mometers, I preferred the former as much more commodious^ 
A perfon cannot approach near to the thermometer firft de*_ 
fcribed when the air is very cold (efpecially with a light which 
by night is neceffary) without cauiing the fpirits prefently to 
expand, and confequently the mercury on the left fide imme- 
diately to defeend. This fenfibility is here attended with every 
advantage, , without the inconvenience to which common ther- 
mpmeters in this cafe are liable ^' ; for the index will accurately 
Ihew the great^ft height to which the mercury had rifen, 
although, before the exa£t degree can well be diftinguiihed, it 
will appear feparated from the index, and defcending apace. 
As the fcale is lixteen inches long, and divided into 100'' only, 
which are more than fufEcient for the temperature of the air, 
they are large enough to be fub-divided at pleafure. The 
indexes, though of a tender and delicate nature, when once 
placed in the tube, are not liable to fufFer any alteration by 
time or accident ; and the thermometer may be expofed to raia 
at all times, without fufFering the leaft injury in any refpedl. 

In conftrufting the thermometer before mentioned, I at firfl: 
hit on a plan by which the fame end was obtained by a dif- 

* The moft fenfible mercurial thermometers commonly have the column of 
mercury as well as the degrees very fraall, and a perfop affifted with a light can 
hardly view them near enough, when the weather is very cold, without caufing 
the mercury to rife before the degrees where it ftood can be well afcertained. 

Freezing fogs alfo, which with us ufually attend the greateil degrees of cold, 
by covering the glafs with froft, render the mercury invilible, and cannot well be 
mercury removed without cauiing the to rife, or at leail render the obfervation 
doubtful, which at fuch a time is very difagreeable ; for, in proportion to the 
extraordinary degree of cold, fo is our curiofity likely to be excited^ 
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ferent method; and though^ in fome refpeds^ and for feme 

purpofes, it may not be fo proper as that already defcribed, yet^ 
for fome others, it may be found nfeful, and therefore I fhall 
briefly defcribe it. The giafs of this inftrument is in all refpeds 
the fame as in the former, excepting that the diameters of the 
tubes are fomething larger* It is likewife filled with Ipirits of 
wine and mercury, in the fame manner i but the indexes are 
different, being oialy a fmall tube of black glafs, about five-* 
fevenths of an inch in length, hermetically fealed at each end^ 
containing a j)iece of fteel wire* An index of this fort is 
placed in the thermometer on either fide, which^ having no 
ipring to fupport them, fink dt>wn in the fpirits, and reft upon 
the mercuryo Whenever the mercury defcends, the index will 
follow it ; but when it rifes, the index will not rife with it, 
and by remaining at the place to which the mercury had de* 
lcendei5 will fhew the ^reateft degree of heat or* cold which 
had happened, in this manner do thefe indexes anlwer the 
fame purpofe, though they move direftly contrary to the others 
in the other thermometer.; but this inftrument is not fo eafily 
rectified as the former, for the moft powerful magnet will not 
bring the index up again while the mercury above prefles 
againfi: them; and although it is peflible to remove the mer- 
cury, and by that means fet the index at liberty, yet inconve-^ 
.niences will beincurred.from which the other is entirely free. 

In fome cafes it maybe found expedient, inflead of the dou- 
ble thermometer firft deforibed, to make two fingle ones ; one 
to fhew the greateft degree of heat only, and the other the 
cold, each having its proper index (fee fig^ 4. and 5.)» The 
firft has the fmall tube bent down on the left fide, and the 
lower end immerfed in a bulb or fmall cifiern of mercury, to 
#vhich the external air has free accefs ; the other has the fmall 

tube 
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tube turned up on the right fide, with fome mercury let dowa 
to the bottom^ and the upper end clofely fealed, as in the dou- 
ble inftrument. Making a ilandard mercurial thermometer^ 
by which the fcale of the fpirit one was to be divided, I en- 
deavoured to obtain as wide degrees as poffible, that the motion 
of the mercury might thereby be rendered more confpieuous^ 
and the height of it afcertained with greater precifion. It is 
true, the larger the degrees, the larger in fome meafure muft be 
the bulb, and therefore the fluid contained in it not likely to be 
fo foon afFefted by any change of heat or cold in the atmofphere 
as in a fmallen But as this thermometer was principally to 
be ufed immerfed in a large quantity of water, gradually heat- 
ing or coolings little or no difadvantage could arife from 
making the bulb fomewhat larger than thofe commonly made 
ufe of in the air. Not being able, however, to procure glafs 
tubes fo long as I had occafion for, whofe inner diameters were 
perfectly equal, I took the following method to adjuft the diyi- 
fions on the fcale to the inequality of the tubes. Choofing a 
tube of a length fuitable to my purpofe, with a proper bulb at 
the end, I put into it a fmall quantity of mercury ^ fufficient 
to form a column about one inch in lengtlu Drawing then on 
a board the three lines aa^ bb^ cc^ fig. 6. I placed the glafs 
tube on the line aa^ and while the mercury remained at reft at 
the end of the tube, near the bulb, I made two pencil marks 
on the line aa^ one at ^, and the other at e^ perfeftly coin- 

^ To put in a fmall quantity of mercury, and meafure its length at different 
parts of the tube, as defcribed by Abbe nollet, vol. IV. p. 370, Lecons Phy* 
fique, h a Yery excellent method to difcover the error 1 but in what manner readily 
to adjuft the fcale, fo as to avoid any inaccuracy from fuch inequality (which \i\ 
tubes of the length I had occalion for feemed to me unavoidable) was a matter 
concerning which I could meet with no informationa 

ciding 
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ckliiig with the two ends of the column of metGurj : then 
caufiiig the merciiiy to move flowlj on farther from the biilby 
.. till that end of the column which was firft at d coincided with 
the mark at e^ and letting it reft again^ I made another mark 
at /; after which, cauling the mtercurj to move on as before, 
and continuing to mark its length at every part of the tube till 
it reached the end fartheft from the bulb ; by thefe means I 
obtained the feveral intermediate points on the Hne^^. Through 
thefe feveral points I drew dotted lines parallel to each other, 
and at right angles with the line aa to the line bb. Taking 
now, with a pair of compafles, the wideft intervals between 
any of the dotted parallels, which in this cafe is from ^ to e^ 
I inferted that diftance fucceffively between the feveral paral- 
lels, beginning at theloweft pair, as from d to f, from etof, 
from/ to g^ and fo on to h^ as exhibited in the figure j and 
the aggregate of thefe lines may be confidered as one contirmed 
line, without any error of confequence in this matter. Having 
now the thermometer completely filled with mercury, the air 
expelled, the point of the fcale at 102% and the freezing point 
properly taken * and marked upon the tube, which was now 
hermetically fealed, I again applied the tube to the line aa^ 
and marked on that line the point of 102'' and the freezing 
point. Through thofe points 1 drew the lines //, M, and 
divided that part of the compound line dh included between ii 

^ The freezing pcintj marked on the tube of this thermometer, is immediately 
taken bj means of grated ice i but the point of lOO® by a flandard mercurial 
thermometer, the upper point of the fcale of which was properly taken by boiling 
water, .and the lower one by grated ice i but it is m«re commodious in the firil to 
have the tube no longer than the air fcale, efpecially as the degrees are pretty 
wide. The method of adjufting the fcale to the inequality of the tube remains 
the lame, let the given points be at any diftance.^ or the di¥jfions increafed to any 
number, 

and 
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and M into 14 equal parts, beginning at 0^ the point where // 
cuts the line dh^ continuing afterward fix div^ifions now on 
that line below kk^ maidng in all 20 equal divifions. If now 
lines be drawn through each of the dividing points, from to 
20 to the line cc^ at right angles with the fame, they will give 
on the line cc the true thermometrical fcale to every 5"" from % 
to 102, properly adjufted to the inequality of the tube *, which 
in this cafe is nearly of the fame diameter at each end, but 
fmalier towards the middle. Tubes may indeed be found of 
fome confiderable length with lefs inequality than what this 
fcale exhibits; but the error is here enlarged^ to render the 
method of corre6ling it more confpicuous. 

^ Experimentally to prove this method I have made mercurial thermometers, 
whofe fcales from the freezing point to that of boiling heat were nearly three 
feet, and though the inequalities of the tubes were very confiderable, varying in 
contrary diredions to each other; yet when they were placed on the fame frame,, 
they ftYhdiXj agreed in a motion of the mercury in t\%xj part of their fcales* 
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